To establish the prevalence, severity and factors associated with the HIV lipodystrophy syndrome.
Introduction
Combination antiretroviral therapy for HIV infection is frequently associated with lipodystrophy (peripheral lipoatrophy, central lipohypertrophy, lipomata) and various metabolic abnormalities including hyperlipidemia, insulin resistance and lactic acidaemia [1] [2] [3] [4] [5] [6] [7] [8] . Lipodystrophy is generally observed months to years after initiation of combination antiretroviral therapy [8] . These changes are often seen in the presence of effective suppression of viral replication and otherwise good health [4] . Some of the metabolic abnormalities, such as hypertriglyceridemia, may predate antiretroviral therapy and be exacerbated during therapy [9] [10] [11] . Lipodystrophy has been reported more commonly in patients receiving protease inhibitor (PI)-containing combinations [1, 4, 8, 12] .
Published studies, to date, have found prevalence rates varying from 18 to 83% and have identified differing potential risk factors [1, 5, 7-9, 13, 14, 14, 15] . These studies have linked lipodystrophy to one or more PI agent, nucleoside analogue reverse transcriptase inhibitors (NRTIs), or effective suppression of HIV replication. The variable prevalence and factors associated with lipodystrophy reported in these studies may have occurred because the studies had relatively small sample sizes and selected cohorts, did not evaluate all potential aetiological factors, did not include all possible treatment options, did not use common diagnostic methods or objective data for quantifying lipodystrophy and were performed at single sites. We conducted a multicentre survey of HIV-infected Australian adults to determine the prevalence and severity of lipodystrophy and potential risk factors associated with lipodystrophy. This survey was conducted using common methodologies and encompassed a broad range of sites, patient groups and assessed a comprehensive range of potential aetiological factors in order to address these potential weaknesses.
Methods

Patient population
The study recruited patients from 15 centres comprising community (n 5 7), sexual health (n 5 2) and hospital (n 5 6) sites in Australia. These sites provide health care for approximately 2200 HIV-infected patients. Consecutive patients greater than 17 years of age with confirmed HIV infection presenting to the study sites over a 6-month period for routine outpatient care were invited to participate. Patients were eligible to participate irrespective of antiretroviral exposure.
Study design and data collection
The study was conducted from November 1998 to July 1999. The following clinical data were obtained crosssectionally: age, gender, HIV disease stage, personal and family history of diabetes and cardiac disease, smoking, anabolic steroid use, type and duration of all antiretroviral agents and current exercise levels. Fasting lipid (triglycerides, total and HDL cholesterol) and glycaemic parameters (glucose, insulin, C-peptide), liver enzymes, total testosterone, CD4 lymphocyte counts and plasma HIV RNA were performed at the time of assessment. Local laboratories were used for all assessments.
Lipodystrophy assessments
Height, weight, waist and hip circumference were obtained by standard methods [16] . A targeted physical examination was conducted by the physician to evaluate any changes of lipodystrophy. This included a specific assessment of lipoatrophy in the periphery (face, arms, legs, buttocks and venous prominence), and lipohypertrophy centrally (abdomen, breasts, dorsocervical region as well as the presence of lipomata at any site). Using a standardized questionnaire, physicians subjectively graded any changes present as either mild, moderate or severe, and numerical scores were attached to lipodystrophy reports (0 5 none, 1 5 mild, 2 5 moderate, 3 5 severe) for a maximum possible score of 15 peripherally, 12 centrally and 27 overall [1] . At sites where staff were experienced in anthropometry (n 5 8), triceps, calf, supra-iliac crest and naso-labial fold skin-fold thickness was recorded. The latter assessment, which measures the thickness of the naso-labial fold at its mid-point, is not a validated measure. Every fifth consenting subject also underwent body composition studies using dual X-ray absorptiometry (DEXA; Lunar DPXL, Madison, WI) and single cut abdominal computerized tomography (CT) performed at the mid-L4 level vertebral with a manual calculation to estimate the areas of visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT) and total adipose tissue (TAT). Standard protocols were used for all body imaging studies [1, 2, 4] . All CT and DEXA scans were read at local centres using standardized procedures. If a patient declined body composition studies, the next consenting patient was approached.
Definitions
Lipodystrophy was defined by the physician-assessed presence of lipoatrophy or lipohypertrophy of any severity in one or more body region (face, arms, legs and buttocks, abdomen, breasts, dorsocervical region) or by the presence of lipomata [1, 4] . Clinical HIV disease was categorized using the Centers for Disease Control and Prevention classification system. Assessment of exercise levels was defined as sedentary (light physical activity foro2 h week), low (light physical activity for 2-4 h per week), moderate (light physical activity 44 h per week or vigorous activity for 2-4 h per week), or high (highly vigorous physical activity 44 h per week or regular exercise or competitive sports several times per week) [16] .
Approvals
Human Research Ethics Committee approval for the study was obtained for each site. Written, informed consent was obtained from each participant.
Statistics
Comparisons between selected groups used the MannWhitney U-test for continuous variables and Fisher's exact test for categorical variables. Factors associated with lipodystrophy, lipoatrophy and lipohypertrophy were assessed using multiple logistic regression based on assignment of cases and non-cases. Factors assessed included age, HIV disease stage, exercise levels, CD4 lymphocyte count, plasma HIV RNA, and antiretroviral type and duration, steroid use, metabolic and glycaemic parameters.
Relative associations between different antiretrovirals and lipodystrophy were assessed in multivariate analyses. These were analyzed by phenotype (any lipodystrophy, lipoatrophy, lipohypertrophy) and by duration of therapy in months, stratified less than or greater than the median. For analysis, patients were categorized by exposure and duration of exposure to various antiretroviral classes, regardless of whether patients were receiving therapy at the time of survey. The categories used were: (a) antiretroviral naive, (b) past or current treatment with an NRTI with or without an NNRTI, and (c) past or current treatment with a PI in addition to an NRTI with or without an NNRTI.
Results
Study participants
Demographic and treatment data for the 1348 participants are shown in Table 1 . The cohort is consistent with the HIV epidemic in Australia where 92.6% of all HIV infections have occurred in men [17] . The number of survey participants represent 67% of the estimated HIV-infected patients from the participating sites and 11.5% of all known existing HIV-infected adults in Australia at that time [17] .
The lipodystrophy prevalence survey (LPS) data were compared to data from the Australian HIV Observational Database (AHOD) to determine consistency with the broader HIV-affected community [18] . The LPS and AHOD were found to be similar in terms of mean age (39.8 and 40 years, respectively), proportion of males (95% and 96%), mean CD4 lymphocyte count (487 and 521 cells/mL), undetectable viral load (55% and 46%), prior AIDS (20% and 16%) and PI use (73% and 67%) [18] . Of those patients who had received treatment with a PI in this survey (n 5 986), 239 (19%) were not currently taking PIs at the time of the survey, with a median time since discontinuation of 6 months.
Prevalence of lipodystrophy
The overall prevalence of physician-assessed lipodystrophy was 53% (Table 2) . A mixed phenotype was most prevalent with 27% of the overall survey having both peripheral lipoatrophy and central lipohypertrophy. Patients with either lipoatrophy only or lipohypertrophy only accounted for 20% and 6%, respectively. The most frequently reported affected site was the face (45%), followed by legs (42%), abdomen (39%), arms (39%), buttocks (36%), dorsocervical region (4%) and lipomata (4%). Lipodystrophy was reported in 21% (n 5 35) of antiretroviral naive patients in this survey.
Peripheral lipoatrophy
The severity of peripheral lipoatrophy on physical examination was associated with significantly reduced skinfold thickness, decreased hip circumference, and lower levels of abdominal subcutaneous abdominal adipose tissue, total fat and limb fat (Table 3) . Patients with and without peripheral lipoatrophy had similar levels of visceral adipose tissue.
Central lipohypertrophy
Lipohypertrophy on physical exam was associated with significantly greater waist circumference and visceral adipose tissue (Table 4) , but no differences were seen in subcutaneous Mean severity scores are derived from affected patients only; SE, standard error. adipose tissue. DEXA demonstrated an increase in the total percentages of body fat and central fat, while no significant differences were seen in limb fat between those with and those without central lipohypertrophy.
Lipodystrophy severity
While lipodystrophy was frequently observed, the majority of cases were mild to moderate (Tables 4 and 5 ). Severe lipodystrophy, lipoatrophy or lipohypertrophy in at least one site was observed in 25%, 16% and 9% of patients, respectively. When numerical scores were attached to lipodystrophy reports (0 5 none, 1 5 mild, 2 5 moderate, 3 5 severe), the mean total severity rating for patients with any lipodystrophy was 6.1 ( Table 2 ). Differences were seen between treatment groups for overall severity scores. Naive patients had the lowest overall lipodystrophy severity ratings and PI-treated patients had the highest overall rating as well as the highest ratings for lipoatrophy only and lipohypertrophy only. Of the naive patients with lipohypertrophy (21/168), 20 had abdominal lipohypertrophy, and of these only four were of severe intensity. Similarly, in naive patients with lipoatrophy, either alone or as part of a mixed phenotype (30/168), 15 patients had two or less affected sites with the majority of the affected sites being of mild intensity.
Lipodystrophy-associated factors
Multivariate analyses demonstrated significant associations between physician-assessed lipodystrophy, lipoatrophy, lipohypertrophy and a range of demographic, disease and treatment factors (Table 3) . Factors significantly associated with the presence of any lipodystrophy, regardless of phenotype, were older age, CDC HIV disease category B or C, undetectable levels of HIV RNA, extended treatment exposure to NRTIs and any exposure to PIs. Associated factors were similar for lipoatrophy and lipohypertrophy; females, however, were 50% less likely to have lipoatrophy and participants who had higher exercise levels had a reduced likelihood of central lipohypertrophy.
The relative associations between different antiretroviral classes and lipodystrophy were assessed in multivariate analyses. Increased exposure to both NRTIs and PIs was significantly associated with significant increases in risk for lipodystrophy, while no effect was seen with NNRTI use, although the median length of exposure to this drug class was relatively short (Table 6 ). In patients with lipoatrophy, significant trends were seen with increased duration of therapy with saquinavir, indinavir (IDV), nelfinavir, zalcitabine and stavudine (d4 T). Lipohypertrophy was significantly associated with increased duration of therapy with IDV, d4 T and lamivudine.
Discussion
This survey of a broad cross-section of people with HIV in Australia has provided a comprehensive assessment of lipodystrophy and its associated factors. The survey is the largest published to date and, based on comparisons with Figures are rounded to nearest 0.1 decimal point. Patients classified by the maximal severity rating attained for peripheral lipoatrophy and/or central lipohypertrophy using the severity grading system described in the Methods section. All percentages rounded to nearest whole number. the Australian HIV Observational Database, the sample is representative of the HIV epidemic in Australia in terms of gender, age, treatment exposure and disease stage [18] . The data provide a clearer picture of this phenomenon, including a comprehensive analysis of associated factors by phenotype (Table 6 ). While the prevalence of lipodystrophy was higher in those patients taking PIs, it was also seen in patients who had been treated for HIV, but who were PI-naive and also, albeit less frequently, in treatment-naive patients. While these findings in treatment-naive patients may be somewhat reflective of the subjective nature of the definition of lipodystrophy used, their extent suggests that causative mechanisms apart from antiretroviral therapy, may need to be considered, or that some conditions such as wasting or age-associated obesity may mimic some aspects of lipoatrophy and lipohypertrophy, respectively.
The correlates established in this survey between clinician assessment and body composition assessment using DEXA, single cut abdominal CT and skin fold measurements provide added support for their use in determining lipodystrophy presence and severity. Similarly, physician assessment of the presence and severity of lipodystrophy using a subjective tool correlated with differences in body fat quantity and patterns of fat deposition.
Limitations to study
There are inherent limitations in this study. While the proportion of caucasians and women included is representative of the HIV epidemic in Australia, interpretation of the results must be kept within the context of white males. The large number of geographically diverse recruiting sites and personnel involved in the patient assessment increases the prospect of operator differences in the assessment of the severity of body fat changes, questionnaire administration, anthropometry and laboratory methods. The lipodystrophy questionnaire used in this study has been tested in previous surveys, but severity results must be interpreted with a degree of caution in an observational study like this due to the subjective nature of the rating process. Some other researchers have utilized a more objective severity grading system than that used in this study. While there would appear to be merit in this approach, the superiority of either method is yet to be All variables were included in the analysis, statistically significant variables (in bold) were included in the final model. established [5] . Further, the questionnaire utilized was designed to assess one directional fat changes, specifically, peripheral lipoatrophy and central lipohypertrophy. This design was based on observations made up to that time about the fat changes seen with the syndrome. While provision was made within the questionnaire for the clinician to make comment about changes seen, we were not able to examine in detail any instances where there may have been fat gain peripherally or fat loss centrally. While anecdotally these events are rarely seen in this syndrome, it is clear that in future studies, bi-directional measures should be included. Local laboratories were used for all metabolic parameters. Although all conformed to national laboratory accreditation standards, some intralaboratory differences may result. Calculations for abdominal fat assessed by CT were performed locally using standardized methods by staff experienced in this methodology. While all of these facilities were experienced in the techniques requires for the study and all used a standardized protocol, no central reading facilities were utilized and it is likely that some interoperator differences may have occurred.
Comparisons with other studies
This study has demonstrated similar lipodystrophy prevalence rates for the overall cohort and for the protease inhibitor-experienced group to those seen in other published cohorts. The identification of lipodystrophy in treatment-naive patients within a survey of this type is new, however. The identification of lipodystrophy in this group is somewhat surprising given the wealth of data linking lipodystrophy with antiretroviral therapy. It is unclear whether this group represent another aspect of the syndrome or whether it, in fact, either reflects the sensitivity and specificity of the diagnostic methods used, or is a manifestation of the age or stage of HIV disease of this group. As most previous lipodystrophy prevalence surveys have specifically studied patients already taking antiretrovirals, this finding may simply stem from a difference in study designs.
This study also provides support for a clinical diagnosis of both the presence and severity of lipodystrophy using DEXA, CT and anthropometry to quantify lipodystrophic changes, especially when examining specific phenotypes, although the results in antiretroviral-naive subjects may provide an estimate of the magnitude of false positive rates for these tests if this syndrome is truly related to drug toxicity. There have been limited published data, to date, examining the impact of lipodystrophy on central fat, measured by CT. In patients with increasing severity of central lipohypertrophy increased levels of visceral adipose tissue were seen alongside increased umbilical waist circumference. Conversely, diagnosis of lipoatrophy was associated with diminished levels of subcutaneous tissue and decreased skin-fold thickness. All clinician diagnoses of lipodystrophy in this survey were based on criteria that included an assessment of both phenotype and severity. This is the largest study to examine associations with increasing severity of lipodystrophy rather than the presence or absence of the condition. Disturbingly, the survey demonstrated strong associations between visceral adiposity, increased age and increased lipid and glycaemic parameters, suggesting that factors associated with accelerated coronary artery disease, while perhaps not syndrome specific, may be phenotype specific as this clustering of associated factors was not seen to the same extent in patients with lipoatrophy. This is the first time that an association has been made between lipodystrophy and elevated alanine aminotransferase, aspartate aminotransferase and decreased testosterone levels. It has been established that hepatotoxicity, usually independent of immune status is associated with long-term exposure to antiretroviral medications. Drugs implicated include the NRTIs, the NNRTI nevirapine, and certain PIs. Given the lack of congruence between the drugs associated with lipodystrophy in this survey and those associated with hepatoxicity in the literature, it is clearly beyond the scope of this study to speculate on issues of causality, but it is clear that studies of lipodystrophy and hepatocyte function are warranted. Given the established role of sex hormones in lipid regulation, these findings support the notion that factors other than, or in addition to, mitochondrial toxicity may be relevant in the aetiology of this syndrome. It may be of significance that this study and others have identified disparities in lipodystrophy prevalence between gender groups, increased age and lipodystrophy. In addition, lower levels of HIV RNA have been described for the first time in all lipodystrophy phenotypes. This finding supports the purported link with antiretroviral therapy and lipodystrophy.
Conclusion
This large survey of demonstrates that lipodystrophy is a common phenomenon in patients with HIV, overwhelmingly more frequent in those who have been treated with antiretrovirals. The majority of cases of lipodystrophy were either mild or moderate in severity with a mixed phenotype being the predominant presentation.
Lipodystrophy is significantly associated with increased age, symptomatic HIV disease, effective viral suppression, and increased duration of therapy with both NRTIs and PIs. These findings are suggestive of a multifactorial aetiology for lipodystrophy. This study also suggests relationships between different lipodystrophy phenotypes and specific ARV agents, although definitive associations cannot be deduced from this type of survey.
